This paper defines the beta function and other linear orbit parameters using the exact equations of motion. The p , a and y!r functions are redefined using the exact equations. Expressions are found for the transfer matrix and the emittance. The differential equations for = X / B ' /~ is found. New relationships between a, p,y!r and v are derived.
I. INTRODUCTION
This paper defines the beta function and the other linear orbit parameters using the exact equations of motion. The usual treatment [ 
where C is the circumference of the accelerator.
EIGENFUNCTIONS OF THE EXACT LINEAR EQUATIONS OF MOTION AND THE LINEAR ORBIT PARAMETERS
The problem now is, given the exact linear equations of motion, Eq. (2), how does one define the linear orbit parameters p , a, y , @, U and the emittance E , and what are the relationships that hold between them. To do this, one has to repeat the well known treatment of the linear orbit parameters, and see where the definitions and relationships change for the exact equations. The treatment given below is believed to reduce the amount of algebraic manipulation required, and makes few assumptions about the Ai, coefficients in the linear equations.
For the x motion, the linear equations are written as
The transfer matrix M ( s , SO) obeys
One may note that the symbol x is used in 2 different ways. The meaning of x should be clear from the context. The matrix M is symplectic as the equations of motions are derived from a hamiltonian.
The one period transfer matrix is defined by
where L is the period of the Aij in Eq. 
h2-(rnll+m22)h+ 1 = 0 where mi, are the elements of A, and using I A I = 1.
Eqs. (9) 
Given the eigenfunction at so, XI (so) one can find the eigenfunction or any other points using
and x1 (s) has the same eigenvalue hl. This follows from Eq. (9), using Eq. The beta function /? is normalized by normalizing the eigen--* functions so that This gives, see [2] for details, This well known result for AV, is not changed by using the exact linear equations.
DIFFERENTIAL, EQUATIONS FOR THE LINEAR ORBIT PARAMETERS
The differential equation for r] is unchanged.
IV. PERTURBATION THEORY USING THE DIFFERENTIAL EQUATION FOR q
The equation for r], Q. (33) is often used as a starting point in finding the effects of a perturbing field. The particle coordinates are measured relative to a reference orbit which is the particle motion in a known magnetic field with components Bi. The exact equations of motion can then be written as where the fi includes all the terms not included in X A i j x j .
These include terms due to fields not included in the reference field Bi , which may be referred as A Bi, and nonlinear terms due to the terms in the exact equations of motion that do not depend on Bi.
One can see from the exact equations of motion, that the contributions to fi which depend explicitly on A Bi, when ABs = 0,
